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Diamond wire saw set up on Lock No. 20, Mississippi River

Diamond Wire Cutting Used on
Concrete at Marseilles Dam

Michael W. Edwards
US Army Engineer District, Rock Island, Ilinois

Today, as possibly never before, con-
tractors are being caught between
high labor costs and small profit mar-
gins. As a result, contractors must
continually investigate innovative
approaches to reduce the labor and
time required for every phase of con-
struction. As “owners,” the Corps of
Engineers must not only allow innova-
tive approaches but must encourage
them. This attitude is demonstrated
by the innovative use of diamond wire
cutting as a method of concrete
removal at Marseilles Dam Rehabili-
tation, Stage I.
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The dam renovation at Marseilles,
Ill., on the Illinois Waterway con-
sisted of the removal of eight nonsub-
mersible, counter-weighted tainter
gates and their replacement with sub-
mersible, noncounter-weighted tain-
ter gates. To accomplish this reno-
vation, a major reconfiguration to
both the spillways and gate piers was
required. For the piers, work in-

“cluded the removal of 6- by 8- by 9-ft,

30-ton sections containing the trun-
nion anchorage.

concrete in the piers, which
A%lmately 54 years old, had
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a compressive strength in excess of 8,000 psi.
Aggregate in the concrete had a maximum size
of 2-1/2 in., and well-rounded dolomite was
the dominant portion of the coarse aggregate.
Four 4-in.-diam trunnion anchors and numerous
2-1/2-in.-diam anchors extended through the cut.

Initially, the contractor had estimated the work
would take 8 days and $2,000 per pier using hand-
held breakers and a boom-mounted breaker with
a 250-ft-1b limit. However, after completing three
of the piers, the removal was averaging 10 days
and approximately $7,000 per pier using five labor-
ers and an equipment operator. The contractor rec-
ognized that without some improvements the
resulting delay and cost could cause him to fall
behind the approved schedule and reduce the
potential for profits.

To correct the situation, the contractor proposed
using diamond wire cutting, a removal technique
traditionally used in stone quarries. In this
method, a saw with a diamond, band-saw type
blade that can be configured in numerous ways via
idler wheels is used to cut the concrete. The blade’s
flexibility allows for vertical, horizontal, and angu-
lar cuts. The saw can be used in areas of difficult
access and is not limited by depth of cut. Applica-
tion of the system seems to be limited only by the
imagination of the user.

The approval of the wire cutting required allow-
ing the contractor to slightly deviate from the
plans. The original plan was not to disturb the
4-in. trunnion anchors and to weld a plate to
anchors as part of the trunnion system. A change
allowed cutting the anchors, removing a small
amount of concrete from around them and then
welding the plate to them. This variance had no
negative impact on the end product.

Michael W. Edwards, P.E., is
a civil engineer for the Rock
Island District Area Construc-
tion Office in Quiney, Illinois.
He received his B.S. degree in
Ciwil Engineering from Tulane
Universtity. At the Rock Island
Dastrict he has participated n
magor lock/dam rehabilitation
projects on the Illinois Water-
way and Mississippt River. He
has been with the Corps of Engi-
neers since 1985.

The diamond wire cutting was subcontracted to
a private firm. The equipment used on the job con-
sisted of a 4-ft-cube, 1,200-1b power unit; a 3- by
4- by 8-ft, 1,400-1b saw; idler wheels; and a wire
loop. The electrically driven (440 v, 50 amp) power
unit supplied hydraulic flow to the saw motor. The
saw was comprised of a flywheel, its motor, and
a hydraulic stroke cylinder. The stroke cylinder
positioned the flywheel to create the desired ten-
sion in the wire loop. Idler wheels were used to
guide the wire and to direct the cut. The wire was
a steel wire rope encased in a series of alternating
beads and spacers (Fig. 1). The beads were steel
with embedded diamonds, and the spacers were
injected plastic sleeves. Two sizes of wire were
used, a 3/8-in. wire that had beads with electro-
plated diamonds and a 1/2-in. wire that contained
beads with impregnated diamonds. Beads with
impregnated diamonds have a longer cutting life;
however, they are more expensive and slower cut-
ting (wires with plated diamonds and steel spring
spacers seemed to be the subcontractor’s preferred
choice for a recent project).

Figure 1. Saw wire, showing beads
and spacers

Cutting at each pier started from a borehole to
avoid overcutting. The borehole was drilled 2-1/2
in. in diam, even though only a 1-in. hole was
needed. A 1/2-in.-diam wire was used. to start the
cut and was replaced with the 3/8-in. wire when
the cut opening was reduced to near 8/8 in.

The general procedure used in making a cutout
involved:

e Drilling boreholes across the pier at the bot-
tom, upstream corner of a cutout;

® Setting up the saw and idler wheels;

® Inserting the diamond wire through a
borehole;
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® Splicing the ends of the wire with a steel cou-
ple to complete the loop;

® Making the horizontal cut while placing steel
wedges in the cut to maintain an opening as
cutting proceeded;

® Relocating idler wheels, cutting and resplic--

ing wire, and making the vertical cut, starting
again at the borehole. A large crane was used
to complete the removal.

Using the wire cutting method, and employing
a technician, one laborer, and a crane operator, the
subeontractor completed a pier every 3 days at a
cost of $6,500 per pier. The cost amounted to
approximately $63/sq ft of cut. The cutting rate
was estimated to be between 10 and 15 sq ft/hr.

The work involving the removal of pier sections
at Marseilles Dam was well suited for the diamond
wire cutting technique for the following reasons:

@ It could be employed in an area of difficult
access and was not limited by depth of cut;

e It could be used to make a well-defined cutout
without overcuts;

® It could be used. to cut steel embedments with-
out damaging or disturbing the portion of
embedment and surrounding concrete that
remained;

e It could be used to make cutouts in an expe-
dient manner without increasing the cost.

Diamond wire cutting has since been used at
Mississippi River Lock and Dam No. 21 and is
presently being used at Mississippi River Lock
and Dam No. 20 (Figs. 2-4).

Figure 2. Starting a cut on Lock No. 20

Figure 3. The saw has cut deeply inte
the concrete

Figure 4. Completely sawed section on
Lock No. 20

Although the cost of cutting will vary, depend-
ing on the percent of steel to be cut, type of aggre-
gate, and size of job, diamond wire cutting may

‘be a practical approach to concrete removal. It

may not be practical for all projects, but there
may be many where it presents a possible alterna-
tive to other techniques.

For more information contact Michael W.
Edwards at (217) 222-0203.




Evaluation of Water Jet Blasting for Removal
of Concrete From Lock Chamber Faces

by

Roy L. Campbell, Sr.
US Army Engineer Waterways Experiment

Station, Vicksburg, Mississippi

In the USA, water jet blasting for concrete
removal has been commercially available for
about 5 years. Its primary application has been to
remove deteriorated concrete from top horizontal
surfaces of bridge and parking garage decks.
What is attractive about the technique for deck
rehabilitation work is that there is no microcrack-
ing in the surface after blasting, reinforcing steel
1s not damaged, and productivity exceeds that of
the conventional removal method of jackhammer-
ing. The major drawback is the cost of water jet
blasting, $900 to $2,500 per cu yd, depending on
the size of job, depth of removal, and condition of
the concrete to be removed.

In 1988, equipment for use on vertical surfaces
was entering the market. This equipment was rec-
ognized to have potential for removal work at
Corps lock wall rehabilitation projects. Particu-
larly, it was thought to be useful for areas where
explosive blasting was undesirable. This equip-
ment was also recognized to have potential for lim-
ited underwater concrete removal. Coupled with
an applicable resurfacing technique (i.e., the pre-
cast panel system), it is possible that water jet
blasting could be used to eliminate the need for
dewatering a lock. This would reduce overall reha-
bilitation cost.

"DEMONSTRATION

In September 1988, as part of a feasibility
study, water jet blasting equipment was demon-
strated at the US Army Corps of Engineers Lock
No. 2 on the Allegheny River near Pittsburgh,
Pennsylvania. Conerete above and below the water
was removed. The demonstration was to establish
whether 12-in. and greater removal depths were
reasonably attainable, as well as to evaluate the
technique’s potential for underwater removal.

The lock concrete was more than 50 years old.
Its surfaces were deteriorated from cycles of freez-
ing and thawing. The unconfined compressive
strength of the concrete was estimated to be 5,600
psi based on 1987 tests of core samples taken from
the wall where removal was to be performed. A

petrographic examination of the cores determined
the concrete to be non-air-entrained and the aggre-
gate to be a maximum 6-in., natural river gravel
of mixed igneous, metamorphic, sand- and lime-
stone composition.

The water jet system included a robot, two power
packs, tanker truck, and a 170-cfm capacity air com-
pressor. The electrically powered, hydraulically pro-
pelled robot was controlled with a programmed
micro-computer. The robot’s cutting head was
equipped with a vertical track. Two water jet noz-
zles travelled up and down the track for a pro-
grammed number of times before the robot
advanced. The mount for the nozzles had been mod-
ified to include a compressed air outlet. During
underwater removal, air was blown between the
concrete and water jet nozzles in an effort to pro-
vide a less dense medium and, thereby, maximize
the impact velocity of the jetted water. Each nozzle
had its own power pack. A pack consisted of a die-
sel engine, pump, and 1,100-gal water tank. Pumps
operated at or near 17,000-psi pressure and pro-
vided a total combined flow of approximately 60
gpm. A commercial, 7,000-gal capacity tanker
truck supplied potable water.

The robot was operated from a barge with
power packs and water supply located on land.
The operator had to wear hearing protection
against the high levels of noise generated during
the blasting operation.

The blasting produced feathered edges along
the removal boundaries. Initially, ruts occurred at
some locations within the removal area but were
eliminated from following reaches by adjustments
to cutting controls. Several form ties were encoun-
tered but did not significantly affect produection.
Removal depth was measured at points located on
1£t intervals along the vertical profiles of the
newly created surface. The depths for adjacent
points sometimes varied several inches. This differ-
ence was caused by the varying depths of deteri-
oration and the type aggregate in the affected sur-
face. Soft aggregates eroded flush with the
surface, and hard aggregates protruded with most
of the paste eroded around them.



Figure 1. Results of underwater removal 4-ft below water surface

Water jet blasting above the waterline took
approximately 3 hours with 0.7 cu yd of concrete
removed. The average water demand was approx-
imately 2,300 gal/hr of operation or 10,000 gal/cu
yd of concrete removed. The average removal
depth was 12 in.

The underwater operation took place during a
2-hr period with 0.3 cu yd of concrete removed
between the pool elevation and 4 ft below (Fig. 1).
Removal depth averaged 4.5 in. Underwater, the
removal rate was approximately 35 percent less
than that above water. It is suspected that the con-
crete below the waterline was sounder, primarily
because it had been protected from cycles of freez-
ing and thawing by the surrounding water and
therefore was more difficult to remove. The under-
water rate would have been somewhat less if the
removal had continued to a 12-in. depth because
of loss of cutting efficiency with depth.

FIELD APPLICATION

In June of 1989, water jet blasting was per-
formed at US Army Corps of Engineers Dashields
Locks on the Ohio River near Pittsburgh, Pennsyl-
vania, as part of ongoing rehabilitation work at
the project. For the chamber face of the land wall,
water jet blasting was selected to remove approx-
imately 12,000 sq ft of concrete to a minimum
depth of 12 in. within a 14-day period.

The 60-year-old concrete was deteriorated
from cycles of freezing and thawing. Unconfined
compressive strength of the sound concrete was
estimated at 6,280 psi. A petrographic examina-
tion of the cores determined the concrete to be
non-air-entrained and the aggregate to be a max-
imum 3-in., natural river gravel, the bulk of
which was a sandstone with miscellaneous parti-
cles of quartzite, igneous rocks, conglomerate,
and limestone.

The water jet system for this project consisted
of a low-pressure filter system, power pack, and
robot. The filter system transposed river water
impounded in the chamber to potable water. The
robot’s distance from the chamber face was main-
tained by an optical system using two electric eyes
and a stationary target at the end of the barge.
The robot had been programmed for a single pass
over the surface per advancement. Otherwise, the
system was like the one used during the demon-
stration, except no compressed air outlet was
provided.

Filter system and power pack were loaded on
the barge deck. The robot was loaded on an ele-
vated deck constructed along the edge of the barge
(Fig. 2). The barge was maintained at a fixed dis-
tance from the wall by brackets constructed at the
ends of the barge (Fig. 2). Blasting started near
the upstream gate recess and proceeded down-
stream, removing a strip of concrete between the



horizontal armor at the top of the wall to approx-
imately 3 ft below (Fig. 3). The blasting produced
ragged edges along the removal boundaries.
Removal depth was approximately 12 in., except
at horizontal lift joints where the removal depth
was around 17 in.

Figure 2. Water jet blasting of land wall
chamber face

Figure 3. Removal strip

When the robot reached the end of the elevated
deck, the barge was winched to a new position.
The removal strip became wider as the dewater-
ing of the chamber began and the water level
dropped (Fig. 4). The water jet system was oper-
ated 24 hr a day using two shifts of three-men
crews. The debris from the removal was contained
for the most part as sediment of the impounded
water in the chamber; however, some of the sus-
pended debris entered the river during dewater-
ing of the chamber.

Noted safety problems were high noise levels
(100 db at 50 ft and 92 db at 110 ft) and flyrock.
Some aggregate was propelled 40 ft or more. An
inspection of the flexible flyrock shields at the end

Figure 4. Water jet blasting as viewed from across lock



of the job showed the upstream and downstream

shields had lost approximately 50 percent of their _

area.

The use of the system was terminated after 10
days because of an unacceptable removal rate.
There were several break downs of equipment that
delayed the removal effort and reduced the water
jet's performance. - The overall performance
included an average removal rate of approximately
0.6 cu yd/hr and a 1-day peak rate of 0.8 cu yd/hr.

The manufacturer’s representative indicated
that the efficiency of the water jet blasting could
be improved by modifying the cutter head design
to allow the nozzle to move into the ecut as the
removal depth increased. It was estimated that
this change could provide a removal rate of around
3 cu yd/hr. This estimate was based on the equip-
ment’s performance in Europe where rates of
around 3.5 cu yd/hr were stated for 6-in. removal
depths. The design change is expected to be imple-
mented in the spring of 1990.

CONCLUSIONS

As employed, water jet blasting is not expedient
enough to be competitive with conventional explo-
sive blasting nor the newly employed rock jack
technique for lock wall rehabilitation work. Even
if an acceptable removal rate can be achieved
through design changes, the cost effectiveness of
water jet blasting will yet have to be proven. Cost
saving potential still exists for using water jet
blasting to eliminate dewatering of locks. This
removal method also has potential for removing
deteriorated concrete from vertical and sloped
faces of other types of water bound structures,
such as guide, guard, and channel walls. It is esti-
mated that for a 12-in. removal depth, a minimum
of 300 cu yd of concrete would be necessary for
the water jet to be economically competitive.

ENVIRONMENT

An evaluation to assess the effects of concrete
removal debris entering a river, stream, or water-
way is required prior to commencement of the
removal. The effects will vary from project to proj-
ect and will depend to a great extent on the size
and environmental condition of the waterway and
on the quantity of removal debris entering the
waterway. At Lock No. 2 on the Allegheny River,
water samples were taken. Test results showed
only minor changes in the water quality as a result
of the water jet blasting. The impact of these
changes on the environment was considered negli-
gible. For Dashields Locks, it was concluded prior
to the commencement of the removal that no
adverse affects were anticipated from any sus-
pended solids that were the result of the water jet
blasting and were introduced into the Ohio River
during the dewatering of the lock. The aggregate
portion of the concrete was considered to have no
significant impact as it was a natural river gravel
that was being returned to its place of origin.

For more information contact Roy L. Campbell,
Sr., at (601) 634-2814.

Roy L. Campbell, Sr., is a
research civil engineer in the
Concrete  Technology Divi-
ston, Structures Laboratory,
US Army Engineer Water-
ways Experiment Station.
Currently, he is the princi-
pal investigator for REMR
Work Unit 82411 “Tech-
niques for Removal of Deteri-
orated Concrete.” He re-
cetved his B.S. in civil engi-
neering in 1972 from Missis-
sippt State University.




Mechanical Presplitting Technique Used in
Removal of Concrete From Chamber Face
at Dashields Lock

by

Doug Meley
US Army Engineer District, Pittsburgh

The Dashields Locks and Dam Project is located

in the Corps of Engineers Pittsburgh District. The.

dam is the only fixed-crest dam still in service on
the Ohio River. With a 10-ft lift, it provides a nav-
igational pool for 7 miles upriver to Emsworth
Locks and Dam near Pittsburgh, Pennsylvania.
The locks consist of a 56-ft-wide by 360-ft-long
river chamber, used primarily for small tows and
pleasure boats, and a 110- by 600-ft land chamber
(main chamber), used to pass an average of 550
commercial lockages every month.

Built in the late 1920’s with non-air-entrained
concrete, the locks are deteriorated by cycles of
freezing and thawing and damaged from barge
impact and abrasion. A comprehensive rehabilita-
tion project was begun in 1987 to repair the con-
crete as well as the other deteriorated features of
the lock.

The top of the lock walls are generally being
repaired with a one-foot-thick overlay of new con-
crete on top of the existing concrete surface.
Repairs to the vertical faces of the lock walls
require removal and replacement of the deterio-
rated concrete.

Most of the vertical refacing was designated for
the wall surfaces within the confines of the land
chamber. The work had to be completed within
the relatively short time spans that the main lock
was allowed to be shut down to commercial traffic.
It was therefore necessary for the contractor to
devise a method of removing the approximate-
ly one-foot of deteriorated concrete quickly and
efficiently.

On the Dashields project, the refacing work
within the main lock chamber began with the
removal of approximately 2,650 sq yds of vertical
wall surface to a minimum depth of 12 in. The con-
tract price for this removal work was $190/sq yd.
The individual wall sections were approximately
30 to 40 ft wide, corresponding to the individual
lock wall monoliths, and 24 ft high, from the top
of the lock wall to a point one-foot below lower
pool level. The contract called for the work to be
scheduled and completed during two separate

shutdowns and dewaterings of the land chamber.
The first was a 45-day shutdown of the land
chamber during the summer of 1988, and the sec-
ond, a 60-day shutdown of the land chamber dur-
ing the summer of 1989. The contractor scheduled
approximately half of the refacing work for each
shutdown.

Several methods of removal have been used by
contractors in the past, including explosive blast-
ing, jackhammers, and the use of expansive grout.
Although the specifications permitted the use of
the above methods in most locations, the contrac-
tor elected not to use these methods for various eco-
nomic and risk considerations.

With the assistance of their parent company,
located in Germany, the contractor chose to
remove the concrete with hand-held rock jacks
manufactured in West Germany. The assemblies;
which were designed for use in a predrilled hole,
consist of a cylindrically shaped jack approxi-
mately 14 in. long and 3-1/4 in. in diam with sev-
eral lateral pistons exerting an outward force
against a backer bar. The hydraulic pressure
which operates the pistons is created by a porta-
ble hand pump which is connected to the jack
(Fig. 1) by a 4- to 6-ft length of hydraulic hose
(Fig. 2). The jack is inserted its entire length into
a predrilled hole of a slightly larger diameter
and pressure is then exerted against the backer
bar. The jack develops a radial crack projecting
several feet beyond the circumference of the hole
(Fig. 3). The direction of the crack is controlled
by the orientation of the pistons and the presence
of adjacent line-drilled holes.

Preparatory work, which the contractor was
able to complete prior to the shutdown, con-
sisted of line drilling 3-1/2-in.-diam holes into
the top surface, spaced approximately 12 in.
apart, and set back approximately 15 in. from
the chamber face. The holes were drilled the
entire 24-ft depth of the removal section with
a rotary-percussion, down-the-hole hammer.
The drilling rate for the hammer was approxi-
mately 34-ft/hr. Shortly after dewatering, and



Figure 1. Rock jack connected
to hydraulie hose

prior to removal operations, the bottom edge of
the removal section was saw cut to prevent
over-breakage. :

Most of the removal work was performed by
laborers working from suspended scaffolds (Fig.
4). The concrete was removed in horizontal strips
approximately 1 to 1-1/2 ft in height, working

Figure 2. Worker using the porta-
ble handpump to create hydraulic
pressure for rock jack

Figure 4. Suspended scaffolding at Dashields Lock and Dam Project

Figure 3. Radial crack devel-
oped with rock jack

from the top down. The rock jacks were generally
used in tandem with the jacks inserted into every
third hole.

In practice, a crack was initiated by pressuriz-
ing the first jack. As soon as the crack had prop-
agated through the second and third holes, pres-
sure was then applied to the second jack, causing




the crack to continue in zipper-like fashion. By

using this method, the laborers were able to

remove individual chunks of concrete as large as
1-1/2 by 6 ft. Final removal was accomplished

with the aid of jack hammers and pry bars
(Fig. 5).

Figure 5. Pry bars aid in final removal
of conerete

Since the individual concrete pieces most often
fell onto or against the suspended scaffold, it was
imperative that the scaffold be designed to resist
these impact loads. It was also important that the
laborers be tied-off independently from the scaf-
fold and that foot protection be worn. Final dispo-
sition of the concrete to the chamber floor was
achieved by allowing the concrete chunks to fall
between the scaffold and the lock wall.

With this method, the contractor was able to
achieve a removal rate of up to 500 to 600 sq ft
of wall surface per 24-hr working day with two
jacks. Higher production can be achieved by add-
ing more jacks and work areas. As with any hydrau-
lic equipment, it is extremely important to keep
dirt from entering the hydraulic fluid. Dirt in the
system causes the rubber seals on the pistons to
score, thereby preventing sufficient buildup of pres-
sure necessary to crack the concrete.

One operational deficiency is that the jéck sys-
tem has no way of retracting the pistons once they

have been extended. The reseating of the pistons
can be done with a mechanical vise or manually.
The work crew preferred the manual technique.
The procedure is to release the pressure on the
Jack, lay the jack on the floor of the scaffold with
the piston side down, and have the worker use his
weight to reset the pistons.

The rock jacks have proved to be very successful
in removing concrete efficiently and economically
from the lock-wall faces at Dashields Locks. When
considering this technique for similar work, a con-
tractor will have to take into account the cost of
drilling the 8-1/2-in.-diam boreholes and the
number of splitters required to maintain an accept-
able removal rate.

At Dashields Locks and Dam, water jet blasting
was also used in an effort to increase the removal
production rate. While the water-jet technique
showed much promise, it was hampered by.
mechanical limitations on this particular project,
and the rock jacks proved to be the more depend-
able method of removal.

For more information contact Doug Meley at

(412) 457-9427.

Doug Meley is a project engi-
neer with the Construction Divi-
ston of the Pittsburgh District.
He received his B.S. degree in
civil engineering form the Uni-
versity of Pittsburgh in 1968
and 8 a registered profes-
stonal engineer in the Common-
wealth of Pennsylvania. He
has been with the Corps of Engi-
neers since 1968, with most of
this time spent on construction
projects within the District
boundaries. The past 8 years
have been spent on three lock
and dam rehabilitation proj-

ects on the upper Ohio River.
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Toussi, Frank W. Kearney and Dawn White
REMR-CS-26 Oct 89 Analysis of a Short Pulse Radar Survey of Revetments Along the AD A185 644
Mississippi River, by Steven A. Arcone
Unnumbered Jan 87 Proceedings of REMR Workshop on Assessment of the Stability of AD A185 644
Conerete Structures on Rock, 10-12 September 1985, compiled by
William F. McCleese
Unnumbered Aug 89 Sonar Probing of Concrete, by John H. Mims and Robert R. Unterberger N/A
REMR-CO-1 Dec 86 Stability of Rubble-Mound Breakwater and Jetty Toes; Survey of Field AD A180 108
Experience, by Dennis G. Markle
REMR-CO-2 Jan 89 Prototype Experience with the Use of Dissimilar Armor for Repair and AD A204 081
Rehabilitation of Rubble-Mound Coastal Structures, by Robert D. Carver
REMR-CO-3 Case Histories of Corps Breakwater and Jetty Structures
Jun 88 Report 1 South Pacific Division, by Robert R. Bottin, Jr. AD A192 294
Sep 88 Report 2 South Atlantic Division, by Francis S. Sargent AD A200 458
Jun 88 Report 3 North Central Division, by Robert R. Bottin, Jr. AD A198 436
Sep 88 Report 4 Pacific Ocean Division, by Francis E. Sargent, AD A199 879
Dennis G. Markle, and Peter J. Grace
Nov 88 Report 5 North Atlantic Division, by Ernest R. Smith AD A207 146
Nov 88 Report 6 North Pacific Division, by Donald L. Ward AD A203 865
Jan 89 Report 7 New England Division, by Francis E. Sargent and AD A204 082
Robert R. Bottin, Jr. :
Jan 89 - Report 8 Lower Mississippi Valley Division, by Francis E. Sargent -AD A204 083
and Robert R. Bottin, Jr.
Jan 89 Report 9 Southwestern Division, by Francis E. Sargent and AD A204 084
Robert R. Bottin, Jr.
REMR-CO-4 Feb 88 Stability of Dolos and Tribar Overlays for Rehabilitation of Stone- AD A192 487
Armored Rubble-Mound Breakwater and Jetty Trunks Subjected to
Breaking Waves by Robert D. Carver and Brenda J. Wright
REMR-CO-5 Jun 88 Stability of Dolos Overlays for Rehabilitation of Dolos-Armored Rubble- AD A195 392
Mound Breakwater and Jetty Trunks Subjected to Breaking Waves by
Robert D. Carver and Brenda J. Wright
REMR-CO-6 Aug 88 Stability of Dolos Overlays for Rehabilitation of Tribar-Armored AD A198 877
Rubble-Mound Breakwater and Jetty Trunks Subjected to Breaking
Waves by Robert D. Carver and Brenda J. Wright
REMR-CO-7 Oct 88 Methods to Reduce Wave Runup and Overtopping of Existing Structures, AD A200 455
by John P. Ahrens
REMR-CO-8 Apr 89 State-of-the-Art Procedures for Sealing Coastal Structures With Grouts AD A208 884
and Concretes, by David P. Simpson
REMR-CO-9 May 89 Stability of Dolos Overlays for Rehabilitation of Stone-Armored Rubble- AD A208 577
Mound Breakwater Heads Subjected to Breaking Waves, by
Robert D. Carver
REMR-CO-10 Aug 89 Study of Breakwaters Constructed With One Layer of Armor Stone AD A212 631
Detroit District, by John R. Wolf
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REMR Reports Published to Date

Number Date Title AD Number
REMR-C0-12 Sep 89 Stability of Toe Berm Armor Stone and Toe Buttressing Stone on
Rubble-Mound Breakwaters and Jetties, by Dennis G. Markle
REMR-EI-1 Nov 86 Applicability of Environmental Laws to REMR Activities, by Jim E. AD A177 322
Henderson and Linda D. Peyman
REMR-EI-2 Nov 86 Bibliography of Environmental Research Related to REMR, by AD A177 069
Nelson R. Nunnally
REMR-EI-3 Aug 88 Compliance Requirements for Environmental Laws Applicable to REMR AD A200 193
Activities, by Jim E. Henderson and Linda D. Peyman-Dove
REMR-EI-4 Aug 88 Seasonal Regulation of Repair, Evaluation, Maintenance, and Rehabilitation AD A198 016
(REMR) Activities, by Mark W. LaSalle, John Nestler, and
Andrew C. Miller
REMR-EM-1 Sep 87 A Review of Bird Pests and Their Management, by Anthony J. Krzysik AD A190 195
REMR-EM-2 Sep 87 Evaluation of Bird Pest Problems at U.S. Army Corps of Engineers Civil AD A191 173
Works Projects, by Anthony J. Krzysik
REMR-EM-3 Oct 88 Underwater Applied Coatings: A State-of-the-Art Investigation, by AD A201 712
R. W. Drisko and J. R. Yanez
REMR-EM-4 Sep 89 Hydroelectric Generator and Generator-Motor Insulation Tests, by AD A212 924
Robert H. Bruck and Ray G. McCormick
REMR-EM-5 Aug 89 Lubricants for Hydraulic Structures, by Ward B. Clifton and AD A212 923
Alfred D. Beitelman
Unnumbered Jun 89 Proceedings of REMR Workshop on Management of Bird Pests, by AD A210 086
Anthony J. Krzysik
REMR-GT-1 Sep 84 Mathematical Analyses of Landside Seepage Berms, by Reginald A. Barron AD A150 014
REMR-GT-2 Aug 85 Improvement of Liquefiable Foundation Conditions Beneath Existing AD A160 695
Structures, by Richard H. Ledbetter
REMR-GT-3 Geotechnical Aspects of Rock Erosion in Emergency Spillway Channels,
Aug 86 Report 1 by Christopher Cameron, Kerry D. Cato, Colin C. McAneny, AD A173 163
and James H. May
Sep 88 Report 2 Analysis of Field and Laboratory Data by Christopher P. AD A203 774
‘ Cameron, David M. Patrick Kerry D. Cato, and James H. May
Sep 88 Report 3 Remediation, by Christopher P. Cameron, David M. Patrick, AD A203 774
Craig O. Bartholomew, Allen W. Hatheway, and James H. May
REMR-GT-4 Nov 87 State of the Art for Design and Construction of Sand Compaction Piles, AD A188 816
by Richard D. Barksdale
REMR-GT-5 Sep 87 Inspection and Control of Levee Underseepage During Flood Fights, by AD A188 324
Robert W. Cunny
REMR-GT-6 Geotechnical Applications of the Self Potential (SP) Method
Mar 88 Report 1 The Use of Self Potential in the Detection of Subsurface Flow AD A194 524
Patterns in and Around Sinkholes, by Ronald A. Erchul
May 89 Report 2 The Use of Self Potential to Detect Ground-water Flow in AD A209 399
Karst, by Ronald A. Erchul and Dennis W. Slifer
Feb 89 Report 3 Development of Self-Potential Interpretation Techniques for AD A207 704
Seepage Detection, by Robert W. Corwin and Dwain K. Butler
REMR-GT-7 Dec 87 Applications of the State of the Art of Stone Columns—Liquefaction, AD Al191 606
Local Bearing Failure, and Example Calculations, by Richard D. Barksdale
REMR-GT-8 Jul 88 Review of Consolidation Grouting of Rock Masses and Methods for AD A198 209
Evaluation, by R. Morgan Dickinson
REMR-GT-9 Mar 88 A Survey of Engineering Geophysics Capability and Practicie in the Corps AD A194 520
of Engineers, by Dwain K. Butler, Ronald E. Wahl, Nolan
W. R. Mitchell, and Gregory L. Hempen
REMR-GT-10 Jul 89 High Resolution Seismic Reflection Investigations at Beaver Dam, AD A211 228
Arkansas, by Thomas L. Dobecki, Tanya L. Mueller, and Monroe B. Savage
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Number Date Title AD Number
REMR-GT-11 Sep 89 Levee Underseepage Analysis for Special Foundation Conditions, by
Thomas F. Wolff :
REMR-GT-12 Sep 89 Re-evaluation of the Sliding Stability of Concrete Structures on Rock
with Emphasis on European Experience, by K. Kovari and P. Fritz
REMR-GT-13 Sep 89 Levee Underseepage Software User Manual and Validation, by Robert
W. Cunny, Vietor M. Agostinelli, Jr., and Hugh M. Taylor, Jr.
Unnumbered Jan 88 Proceedings of REMR Workshop on New Remedial Seepage
Control Methods for Embankment-Dams and Soil Foundations, by
Edward B. Perry
Unnumbered Jul 89 Proceedings of REMR Workshop on Research Priorities for Drainage
System and Relief Well Problems, by Roy E. Leach and
Hugh M. Taylor, Jr.
REMR-HY-1 Jul 84 Annotated Bibliography for Navigation Training Structures, compiled by AD A173 303
Walter E. Pankow and Robert F. Athow, Jr.
REMR-HY-2 Jun 87 Floating Debris Control; A Literature Review, by Roscoe E. Perham AD A184 033
REMR-HY-3 Sep 88 Elements of Floating Debris Control Systems, by Roscoe E. Perham AD A200 454
REMR-HY-4 Mar 89 . Effects of Geometry on the Kinetic Energy of a Towboat and Barges in AD A207 057
a Navigation Lock, by Sandra K. Martin
REMR-HY-5 Mar 89 Explicit Numerical Algorithm for Modeling Incompressible Approach AD A207 176
Approach Flow, by Robert S. Bernard
REMR-OM-1 May 86 Evaluation of Existing Condition Rating Procedures for Civil Works AD A170 391
Structures and Facilities, by Enno Koehn and Anthony M. Kao
REMR-OM-2 Sep 88 REMR Management System, by H. Thomas Yu and Anthony M. Kao AD A200 728
REMR-OM-3 Jun 89 User’s Manual: Inspection and Rating of Steel Sheet Pile Structures, AD A210 411
by Lowell Greimann and James Stecker
REMR-OM-4 May 89 A Rating System for the Concrete in Navigation Lock Monoliths, by AD A208 304
: Rupert E. Bullock
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ATTENTION:
SUBJECT:

WHAT TO DO:

WHAT WE'LL DO:

CONTACT Us:

=—— REQUEST FOR ARTICLES ——

READERS WITH EXPERIENCE IN REMR ACTIVITIES

REQUEST YOUR ARTICLES, REPORTS, PHOTOGRAPHS, NEWS, AND NOTICES ABOUT
YOUR ACTIVITIES

SEND US A DRAFT OF YOUR ARTICLE. FURNISH ANY ILLUSTRATIONS YOU HAVE
(ORIGINAL GLOSSY PHOTOGRAPHS AND LINE DRAWINGS)

PUBLISH YOUR ARTICLE UNDER YOUR BYLINE. PROVIDE YOU WITH EDITORIAL
ASSISTANCE IF NEEDED ‘

BY WRITING--COMMANDER AND DIRECTOR, US ARMY ENGINEER WATERWAYS
EXPERIMENT STATION, ATTN: CEWES-SC-A, 3909 HALLS FERRY ROAD, VICKSBURG,

. MS 39180-6199

BY CALLING--BILL McCLEESE, (601) 634-2512
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The REMR Bulletin is pub-
lished in accordance with AR 310-2 as one
of the information exchange functions of
the Corps of Engineers. It is primarily
intended to be a forum whereby informa-
tion on repair, evaluation, maintenance,
and rehabilitation work done or managed

: by Corps field offices can be rapidly and
widely disseminated to other Corps offices, other US Government
agencies, and the engineering community in general. Contribution
of articles, news, reviews, notices, and other pertinent types of
information are solicited from all sources and will be considered
for publication so long as they are relevant to REMR activities,
Special consideration will be given to reports of Corps field expe-
rience in repair and maintenance of civil works projects. In con-
sidering the application of technology described herein, the reader
should note that the purpose of The REMR Bulletin is information
exchange and not the promulgation of Corps policy; thus guidance
on recommended practice in any given area should be sought
through appropriate channels or in other documents. The contents
of this bulletin are not to be used for advertising, or promotional
purposes, nor are they to be published without proper credits. Any
copyright material released to and used in The REMR Bulletin
retains its copyright protection, and cannot be reproduced without
permission of copyright holder. Citation of trade names does not
constitute an official endorsement or approval of the use of such
commercial products. The REMR Bulletin will be issued on an
irregular basis as dictated by the quantity and importance of infor-
mation available for dissemination. Communications are wel-
comed and should be made by writing the Commander and Direc-
tor, US Army Engineer Waterways Experiment Station, ATTN:
Elke Briver (CEWES-SC-A), 3909 Halls Ferry Road, Vicksburg,
MS 39180-6199, or calling 601-634-2587.

yy.

LARRYVB."FULTON
Colonel, Corps of Engineers
Commander and Director
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